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57 ABSTRACT 

A computing System according to the present invention 
includes data having a primary access location in the System 
and having a Secondary acceSS location in the System. The 
System also includes a computer running an application, 
where the application requests for the data having the 
primary and Secondary access locations. In response to the 
application requesting the data, middleware on the computer 
determines whether the requested data is at the primary 
access location. If the data is at the primary access location, 
the middleware retrieves the requested data from the pri 
mary access location and sends the requested data to the 
application. In response to the data not being found at the 
primary access location, the middleware retrieves the data 
from the Secondary access location. The middleware then 
Sends the requested data to the application and Stores a copy 
of the requested data at the primary access location. The 
middleware is implemented as Software. 

18 Claims, 7 Drawing Sheets 
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SYSTEMAND METHOD FOR RETREVING 
DATA 

RELATED APPLICATIONS 

The Subject matter of this application is related to the 
subject matter in the application Ser. No. 08/774.513, titled 
“System and Method for Distributing Objects and Using 
Distributed Objects” filed on Dec. 30, 1996, by Axel 
Allgeier, pending, the contents of which are incorporated by 
reference as if fully disclosed herein. 

FIELD OF INVENTION 

This invention relates generally to data retrieval on client/ 
Server Systems, and more particularly to a client/server 
System that copies and retrieves data on an as needed basis 
among various client and Server computers. 

BACKGROUND OF THE INVENTION 

Modern data processing Systems are often implemented as 
distributed computing environments, Such as "client/server' 
configurations in which a number of "client' computers, 
typically personal computers or WorkStations, communicate 
with one or more "server” computers and request Server 
computers to perform processing taskS. 
To promote network efficiency, objects, Such as database 

tables, are often distributed among client and Server com 
puters. In particular, database tables are often Stored on a 
Server computer (Such as a mainframe computer), where 
client computers can access the database tables on the Server 
computer. 

Applications running on client computers may call for 
data in Such database tables on the Server computer, and 
consequently the Server computer must transfer data to the 
client computers. Known Systems will automatically and 
periodically transfer large amounts of data from the database 
tables to the client computers. However, periodically trans 
ferring large amounts of data to client computers can be very 
time consuming and wastes valuable System resources since 
not all client computers will need all the data being trans 
ferred. Moreover, the transferred data can become out of 
date because there may be frequent updates between trans 
fers. 

Therefore, it is desirable to have a more reliable and 
efficient method for transferring data Stored on a Server 
computer to a client computer than is currently known. 

SUMMARY OF THE INVENTION 

The present invention provides a System and method for 
retrieving data. A computer System according to the present 
invention includes data having a primary access location in 
the System and having a Secondary access location in the 
System. The System also includes a computer executing an 
application, where the computer has middleware performing 
a just-in-time-replication (JITR) function. The application 
executing on the computer requests the data having the 
primary and Secondary access locations and, in response to 
the JITR function being activated, the middleware on the 
computer determines whether the requested data is at the 
primary access location. In response to the data being at the 
primary access location, the middleware retrieves the 
requested data from the primary acceSS location and sends 
the requested data to the application. In response to the data 
not being found at the primary access location, the middle 
ware retrieves the data from the Secondary access location. 
The middleware then sends the requested data to the appli 

15 

25 

35 

40 

45 

50 

55 

60 

65 

2 
cation and Stores a copy of the requested data at the primary 
access location. 

In one embodiment, the computer System keeps the data 
at primary access locations current by periodically cleaning 
out data from the primary access locations. In yet another 
embodiment, if the JITR function is activated and if 
requested data exists at a primary access location, the 
computer System determines whether the requested data is 
current at the primary access location before retrieving the 
requested data from the primary access location. If the 
requested data is current at the primary access location, the 
requested data is retrieved from the primary access location. 
If the requested data is not current at the primary access 
location, the requested data is retrieved from the Secondary 
access location, not from the primary acceSS location. The 
old data is then written over at the primary access location 
with the newly retrieved data. 

In one embodiment, the computer System according to the 
present invention is a client/server System having at least 
one client computer and at least one Server computer. The 
client computer executes an application needing data, 
wherein the data has a primary access location and a 
Secondary access location. The primary access location is 
the client computer and the Secondary access location is the 
Server computer. In response to the application requesting 
the data, middleware on the client computer (“the client 
middleware”) determines whether the requested data is 
Stored on the client computer. If the requested data is Stored 
on the client computer, a copy of the data is Sent to the 
application. If the requested data cannot be found on the 
client computer, the requested data is retrieved from the 
Server computer by middleware on the Server computer. 
The above described embodiment provides a more effi 

cient System than is currently known for retrieving data used 
by applications in a distributed computing environment. One 
reason for the increased efficiency is that Small amounts of 
data are transferred from the Server computer to the client 
computer on an as needed basis, rather than large amounts 
of data being transferred on a fixed, periodic basis regardless 
of need. Additionally, data retrieved from the server com 
puter is copied and Stored on the client computer, and, 
therefore, if Such data is requested again, it will not have to 
be transferred from the Server computer to the client com 
puter (providing Such data is current on the client computer). 
The features and advantages described in this specifica 

tion are not all-inclusive, and particularly, many additional 
features and advantages will be apparent to one of ordinary 
skill in the art in View of the drawings, Specification, and 
claims hereof. Moreover, it should be noted that the lan 
guage used in the Specification has been principally Selected 
for readability and instructional purposes, and may not have 
been Selected to delineate or circumscribe the inventive 
Subject matter, resort to the claims being necessary to 
determine Such inventive Subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a distributed computing 
System according to the present invention. 

FIG. 2 is a block diagram of middleware used on a client 
computer for processing database table tasks according to 
the present invention. 

FIG. 3 is a block diagram of middleware used on a server 
computer for processing database table tasks according to 
the present invention. 

FIG. 4 is a flow chart of the operation of an Object 
Configuration Manager according to the present invention. 
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FIG. 5 is a flow chart of the operation of database 
middleware in response to the execution of an application 
using database tables. 

FIGS. 6a and 6b collectively provide a flow chart illus 
trating an example of a method of the distributed computing 
System for responding to a request of an application for data. 
FIG. 6a provides a portion of the flow chart, and FIG. 6b 
provides a portion of the flow chart. 

FIG. 7 is a flow chart of the operation of the database 
middleware on the client and Server computers in response 
to the client computer Sending a database processing request 
to the Server computer. 

FIG. 8 is a block diagram of a object locator according to 
the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 1 illustrates an example of a distributed computing 
system 100 according to the present invention. The distrib 
uted computing system 100 includes a client computer 120 
and a server computer 130, where objects are distributed in 
the system 100 among the client and server computers 120, 
130. The client and server computers 120, 130 are coupled 
together by a network 110. Distributed computing systems 
according to the present invention can vary as to the number 
of client and server computers 120, 130, and the system 100 
shown in FIG. 1 is merely an example of one Such System. 
Additionally, a computer in the system 100 can function as 
both a client computer and a Server computer. 

The client computer 120 includes an object configuration 
manager (OCM) 122 and client middleware 124. Server 
computer 130 includes server middleware 134 and an OCM 
database 132 which stores access information for all dis 
tributable objects (e.g., database tables) in the network 110. 
The access information for a distributed object indicates the 
location(s) at which the object can be accessed by computers 
in the system 100, and, for each location at which the object 
can be accessed, the acceSS information indicates the users, 
applications, and computers which can access the object at 
that location. 

Middleware is a conventional type of software that pro 
vides a layer of a client/server architecture that resides 
between the client and the server and allows client and 
Server computers running on different platforms and by 
different protocols to interface during run-time. For more 
information on middleware See, e.g., Alex BerSon, Client/ 
Server Architecture (2d ed. 1996); P. Bernstein, Middleware: 
A model for Distributed System Services, 39 COMMUNI 
CATIONS OF THE ACM AT 86-98 (February 1996), the 
contents of which are hereby incorporated by reference as if 
fully set forth herein. 

In a preferred embodiment, the OCM 122 is a software 
application created by known programming methods. In one 
embodiment, the OCM 122 is the OCM described in the 
above referenced patent application incorporated by refer 
CCC. 

Through the OCM 122, a user of a client computer 120 
can instruct the system 100 to perform various actions with 
respect to database tables. Such actions include creating a 
database table on a particular computer, deleting a database 
table on a particular computer, and copying a database table 
from one computer to another computer. Such actions also 
include changing or identifying the location at which a 
database table can be accessed by computers in the System 
100. A request to identify or change the location at which a 
database table can be accessed specifies the location at 
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4 
which the database table can be retrieved by computers in 
the system 100. The user can limit the effect of the request 
to Specific computers, users, and/or applications. For 
instance, a change in access location may only apply to 
certain users, and different users may access a database table 
at different locations. 

The OCM 122 updates the access information in the OCM 
database 132 to reflect any changes resulting from actions 
performed through the OCM 122. For instance, the OCM 
122 updates the OCM database 132 to reflect changes in the 
location of a database (including the addition of new 
locations) or changes in the accessibility of a database table. 

In addition, when an action is performed through the 
OCM 122, the OCM 122 determines whether other com 
puters in the system 100 are affected by the action. Another 
computer is affected by the action if the acceSS information 
for an object, Such as a database table, changes for that 
computer. If other computers are affected by the requested 
action, the OCM 122 Sends a notification message to the 
affected computers to notify them of the change. 

FIG. 2 illustrates the middleware 124 used on the client 
computer for processing database table tasks. The client 
middleware 124 includes messaging middleware 200, data 
base middleware 210, and an object locator 220. 

The messaging middleware 200 sends information over 
the network 110 and receives information from the network 
110. The messaging middleware 200 interfaces with the 
network 110 using conventional hardware, Such as Standard 
TCP/IP sockets. Notification messages created by the OCM 
122 are sent to the messaging middleware 200, which sends 
the messages acroSS the network 110. 
The object locator 220, which will be discussed in further 

detail below, Stores access information for database tables 
(as well as other objects) in the system 100. As discussed 
above, the access information for a database table indicates 
the location at which a database table can be accessed, and, 
for each location at which the database table can be 
accessed, the access information indicates the users, 
applications, and computers which can access the database 
table at that location. When the client computer 120 is 
started up, access information from the OCM database 132 
is cached in the object locator 220. While the client com 
puter 120 is running, the object locator 220 receives the 
above described notification messages from other computers 
for any access information changes that affect the client 
computer 120. The data carried in the notification messages 
is cached into the object locator 220, thereby allowing 
database tables to be distributed dynamically through the 
OCM 122. This is due to the fact that a user will not have 
to close out of an application to have the most updated 
acceSS information cached into the object locator 220. 
The database middleware 210 communicates with data 

bases on the client computer 120 in a conventional manner. 
In response to the OCM 122 receiving a request to perform 
an action with respect to a database table, the OCM 122 
Sends the request to the database middleware, and, in 
response to the database middleware receiving the request 
from the OCM 122, the database middleware processes the 
request (as will be discussed in more detail below). If the 
database middleware needs to locate a database, the object 
locator 220 Sends Stored acceSS information for the database 
table to the database middleware 210. 

If an application running on the client computer 120 needs 
data from a database table, the application will Send a 
request to the database middleware 210, which will retrieve 
the data. One of the functions the database middleware 210 
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performs is a just-in-time-replication (JITR) function 212. 
The request for the data from the application indicates 
whether or not the JITR function 212 is activated, and if it 
is activated, the request indicates primary and Secondary 
access locations for the data. The JITR function 212 
retrieves the requested data from the primary access location 
if the requested data is located at the primary access loca 
tion. Otherwise, the JITR function 212 retrieves the 
requested data from the Secondary access location, Sends it 
to the requesting application, and Stores a copy of it at the 
primary access location. 
More specifically, if the database middleware 210 

receives a request for data from an application and if the 
JITR function 212 is activated for the requested data, the 
database middleware 210 sends a request for the data to the 
computer designated in the request as the primary acceSS 
location. This Sending Step need not be performed if the 
computer designated as the primary access location is the 
Same computer on which the database middleware receiving 
the application request resides. The database middleware at 
the primary access location (“the primary database 
middleware”) determines if the requested data is at the 
primary access location. If the data is at the primary acceSS 
location, the primary database middleware copies the data 
and Sends the copy to the requesting application. If the 
requested data is not located at the primary access location, 
the database middleware 210 receiving the request from the 
application Sends a request for the data to a location desig 
nated in the request as a Secondary access location. This 
Sending Step need not be performed if the computer desig 
nated as the Secondary access location is the Same computer 
on which the database middleware receiving the application 
request resides. Database middleware at the Secondary 
access location (“secondary database middleware”) deter 
mines whether the requested data is at the Secondary loca 
tion. If the requested data is at the Secondary location, a copy 
of the requested data is made and the copy is Sent back to the 
requesting database middleware 210. The requesting data 
base middleware 210 then has a copy of the data stored at the 
primary access location and sends a copy to the requesting 
application. 

In one embodiment, the computer System keeps the data 
at primary access locations current by periodically cleaning 
out data from the primary access locations. In yet another 
embodiment, if the JITR function 212 is activated and if 
requested data exists at a primary access location, the 
computer System determines whether the requested data is 
current at the primary access location before retrieving the 
requested data from the primary access location. If the 
requested data is current at the primary access location, the 
requested data is retrieved from the primary access location. 
If the requested data is not current at the primary acceSS 
location, the requested data is retrieved from the Secondary 
access location, not from the primary access location. The 
old data is then written over at the primary access location 
with the newly retrieved data. 

One advantage of the JITR function 212 it that is provides 
a more efficient and reliable way to transfer data from a 
server computer 130 to a client computer 120 than known 
methods. If a client computer 120 running an application is 
made the primary access location and if a Server computer 
130 storing data requested by the application is made the 
Secondary access location, then, in response to a request for 
the data, the database middleware 210 on the client com 
puter 120 first searches for the requested data on the client 
computer 120. In response to the requested data not being on 
the client computer 120, the requested data is retrieved from 
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6 
the server computer 130. This method promotes efficiency 
because Small amounts of data are transferred from the 
server computer 130 to the client computer 120 on an as 
needed basis, rather than large amounts of data being 
transferred on a fixed, periodic basis regardless of need. 
Additionally, data retrieved from the server computer 130 is 
copied on to the client computer 120, and, therefore, if Such 
data is requested again, it will not have to be transferred 
from the server computer 130 to the client computer 120 
(providing the data on the client computer 120 has not been 
cleaned out). 

FIG. 3 illustrates the middleware used on the server 
computer 130 for processing database tasks. The Server 
middleware 134 includes messaging middleware 300, data 
base middleware 310, a request dispatcher 315, and an 
object locator 320. 
The Server messaging middleware 300 receives messages 

from the network 110 and sends messages over the network 
110. The messaging middleware 300 interfaces with the 
network 110 using conventional hardware, Such as Standard 
TCP/IP sockets. When the messaging middleware 300 
receives messages, it sends them to the request dispatcher 
315. 
Upon receiving a message, the request dispatcher 315 

determines whether it needs to be formatted for the server 
130. If the message needs to be formatted, the request 
dispatcher 315 puts the message in a format Suitable for use 
by the server computer 130. Next, the request dispatcher 315 
passes the request to the proper middleware component. For 
instance, if the message is a notification message, the request 
dispatcher 315 Sends the notification message to the object 
locator 320. If the message is a request to perform an action 
with respect to a database table, the request dispatcher 315 
sends the message to the database middleware 310. In one 
embodiment, the request dispatcher 315 is the request dis 
patcher described in the above referenced patent application 
incorporated by reference. 
The database middleware 310 interfaces with databases 

on the server 130 in a conventional manner. In response to 
receiving a request, via the request dispatcher 315, the 
database middleware 310 performs the requested action, 
Such as creating, copying or deleting a database. After the 
requested action has been performed, the database middle 
ware 310 sends results, which may be an acknowledgment 
that the request has been carried out or may be a copy of 
data, to the messaging middleware 300. The messaging 
middleware 300 then transmits the results to the requesting 
computer. 
The server database middleware 130 performs the same 

JITR function 212 described with respect to the client 
database middleware 210. Namely, if an application on the 
server computer 130 requests data and if the JITR function 
212 is activated for the requested data, the JITR function 212 
will retrieve the requested data from a primary acceSS 
location if the requested data is located at the primary access 
location. Otherwise, the JITR function will retrieve the 
requested data from a Secondary access location, Send it to 
the requesting application, and Store a copy of it at the 
primary access location. 

If the server database middleware 310 needs to locate a 
database table, the object locator 320 on the server computer 
Sends Stored access information on that database table to the 
database middleware 310. As with the object locator 220 on 
the client computer, the server object locator 320 is updated 
during run time with access information changes by receiv 
ing notification messages from other computers. The noti 
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fication messages are received at the messaging middleware 
300 and passed to the request dispatcher 315, which sends 
the notification messages to the object locator 320. 
A user activates the JITR function 212 through the OCM 

122. FIG. 4 illustrates the method of activating the JITR 
function 212 through the OCM 122. In response to a user 
running the OCM application, the OCM 122 retrieves 410 
from the OCM database access information for all distrib 
utable objects (e.g. database tables) in the network 110. After 
retrieving the access information, the OCM displays 420 the 
access information on the computer Screen of the user's 
client computer 126. 
A user desiring to activate the JITR function 212 for a 

database tables gives the OCM 122 a command to do so. The 
command Specifies the primary and Secondary access loca 
tions for the database table. The command also specifies the 
users, applications, and computers for which the command 
applies. In response to the OCM 122 receiving 430 the 
user's command, the OCM 122 determines 434 (from the 
data retrieved from the OCM database) whether the user has 
authority to manipulate or access the object designated in the 
command. If the user does not have Such authority, an error 
message is displayed 436, and the OCM application Starts 
over. If the user does have such authority, the OCM 122 
ascertains 440 whether the requested action in the command 
affects other computers. An action affects another computer 
if the action affects the ability of a computer, or of a user or 
application associated with the computer, to access an 
object. If the action affects other computers, the OCM 122 
Sends 460 a notification message notifying affected comput 
ers of the action So that, if the affected computers call on the 
database table being processed by the OCM 122, they have 
the most updated access information. Regardless of whether 
other computers are notified of the requested action, the 
OCM 122 sends 480 a request to the client database middle 
ware to update the access information in the OCM database 
132. Access information in the OCM database 132 is 
updated to indicate that the JITR function 212 is activated 
for a particular database table and to indicate the primary 
and Secondary access locations for the database table. 

FIG. 5 illustrates a method in accordance with the present 
invention when an application using database tables is 
executed. AS an example, we will assume the application is 
on the client computer 120, but the application could be on 
the Server computer 130. In response to an application being 
executed (opened), the application sends a request 500 to the 
database middleware 210 to retrieve the access information 
for all data that the application may need. The database 
middleware 210 queries 520 the object locator 220 for the 
access information, and the object locator 220 passes 530 the 
access information to the database middleware 210. The 
access information indicates a primary access location for 
the database table. The access information also indicates 
whether the JITR function 212 is activated for that table, 
and, if the JITR function 212 is activated, the access 
information also indicates a Secondary access location for 
the table. The database middleware then sends 540 the 
access information back to the application. 

FIGS. 6a and 6b illustrate the processing of system 100 in 
responding to an application requesting data, where the 
application is executing on a client computer 120. In this 
example, the client computer 120 is the primary acceSS 
location and the Server computer 130 is the Secondary acceSS 
location. The Selections of primary and Secondary acceSS 
locations are chosen arbitrarily in this example, and other 
computers could be Selected as the primary and Secondary 
access locations. 
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8 
Referring now specifically to FIG. 6a, in response to the 

executing application needing data from a database table, the 
application sends 600 a request for the data to the client 
database middleware 210. The request includes the access 
information retrieved in accordance with the method illus 
trated in FIG. 5. In this example, the access information 
indicates that the primary access location is the client 
computer 120 and the Secondary access location is the Server 
computer 130. In response to receiving the request and the 
access information, the client database middleware 210 
determines 605 whether the requested data is in a database 
table on the client computer 120 (or in a database that the 
client computer 120 can directly access). If the requested 
data is stored on the client computer (or in a database that the 
client computer 120 can directly access), the requested data 
on the client computer is Sent 615 to the requesting appli 
cation. 

In response to the requested data not being found at the 
client computer 120, the client database middleware 210 
determines 620 whether the JITR function 212 is activated 
for the database table having the requested data (the request 
from the application indicates whether the JITR function 
212 is activated or not). If the JITR function 212 is not 
activated, the client database middleware 210 informs 625 
the application that the requested data could not be found. If 
the JITR function 212 is activated, the client database 
middleware 210 sends 630 a request for the data to the server 
database middleware 210. The server database middleware 
310 determines 635 whether the requested data is in a 
database table on the server 130 (or in a database that the 
Server computer 130 can directly access). If the requested 
data is not stored on the server computer 130, the server 
database middleware 310 sends 640 a message to the client 
database middleware 210 Stating that the requested data 
could not be found, and the client database middleware 210 
informs 640 the application that the requested data could not 
be found. 

Referring now also to FIG. 6b, if the server database 
middleware 310 finds the requested data, it copies 645 the 
requested data and Sends 645 the copy to the client database 
middleware 210. The client database middleware 210 then 
Stores 650 a copy of the requested data in an existing 
database table on the client computer 120 or, if no corre 
sponding table exists, creates a new database table on the 
client computer for the requested data So that the requested 
data will be on the client computer 120 the next time an 
application requests the data. After the requested data is 
stored 650 on the client computer 120, the client database 
middleware 210 sends 655 a copy of the requested data to 
the requesting application. 

FIG. 7 illustrates the operation of the database middle 
ware on a client computer 120 and a server computer 130 
when the client database middleware 210 sends a request to 
the server database middleware 310. The database middle 
ware 210 on the client computer 120 receives 700 a request 
from an application or from the OCM 122 to perform an 
action with request to a database table. The database middle 
ware 210 packages 705 the request, and the messaging 
middleware 200 sends 705 the request, via the network 110, 
to a Server 130 designated in the request. If the request is one 
to update the OCM database 132, the request is sent to the 
server 130 having the OCM database 132. The request is 
received 710 at the messaging middleware 300 of the server 
130 which forwards 715 the request to the request dispatcher 
315. The request dispatcher 315 determines 720 whether the 
request needs to be formatted. If So, the request dispatcher 
315 converts 725 the request to a proper format. 
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The request is sent 730 to the server database middleware 
310, which determines the type of the request. If the request 
is one to update the access information in the OCM database 
132, the database middleware 310 updates 735 the access 
information in the OCM database 132. Such a request will 
likely be received when a user acts upon a database table or 
other object through the OCM 122. 

If the database middleware 310 receives a request to 
delete a database, the database middleware 310 deletes 745 
the database from Storage. If the request is to copy actual 
data from a database table to another computer, the database 
middleware 310 reads 750 the data to be copied from the 
database table and copies the data. Such a request may be 
received when an executing application requests data or 
when the user requests, through the OCM 122, to copy the 
data onto another computer. After the data is copied, the 
messaging middleware 300 sends 755 the data to the com 
puter designated in the request. The database middleware on 
the computer receiving the data either Stores the data in an 
existing database table or creates a database table from the 
received data. Additionally, if the data was retrieved in 
response to the request of an application, the database 
middleware on the computer receiving the data Sends the 
data to the requesting application. 

After the requested action has been performed, the data 
base middleware 310 creates a message acknowledging 
completion of the request, and the messaging middleware 
300 sends 740 the acknowledgment message. 

FIG. 8 is a block diagram of an object locator. The object 
locators 220, 320 in both the client and server computers 
120, 130 have the elements illustrated in FIG. 8. 
A data loader 810, which is a conventional interface, 

communicates with the database middleware to receive 
access information from the OCM database 132. The access 
information is received at the Start up time of the host 
computer on which the object locator exists. The data loader 
810 stores this information in a conventional cache 820. 
A notification receiver 830, which is implemented as an 

application program interface, communicates with the mes 
Saging middleware to receive notification messages indicat 
ing acceSS information updates while the host computer is 
running. The notification receiver 830 stores the updates in 
the cache 820. 
An object finder 840, which is a conventional implemen 

tation of a binary Search tree, receives requests from the 
database middleware to retrieve access information for 
database tables. The object finder 840 retrieves access 
information from the cache 820 and sends the access infor 
mation to the database middleware. 
From the above description, it is apparent that the inven 

tion disclosed herein provides a novel and advantageous 
System for retrieving data in a distributed computing envi 
ronment. The foregoing discussion discloses and describes 
merely exemplary methods and embodiments of the present 
invention. 
As will be understood by those familiar with the art, the 

invention may be embodied in other specific forms without 
departing from the Spirit or essential characteristics thereof. 
Accordingly, the disclosure of the present invention is 
intended to be illustrative, but not limiting, of the Scope of 
the invention, which is set forth in the following claims. 
What is claimed is: 
1. A method of retrieving data requested at a first node in 

a computer network, wherein the first node has a first 
database and wherein the first node is coupled to a Second 
node having a Second database, the method comprising the 
Steps of: 
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10 
maintaining access information indicating that a primary 

access location for Select data is the first database and 
that a Secondary access location for the Select data is the 
Second database; 

receiving a request for the Select data at the first node, the 
request generated by an application executing on the 
first node, 

obtaining the access information for the Select data pri 
mary access location; 

initially querying the Select data primary access location 
to determine whether the select data exists in the first 
database; 

in response to determining that the Select data exists in the 
first database, retrieving the Select data from the first 
database; 

in response to determining that the Select data does not 
exist in the first database, Sending a request from the 
first node to the Second node for the Select data; 

obtaining the access information for the Select data Sec 
ondary access location; 

in response to the request from the first node, Subse 
quently querying the Select data Secondary access loca 
tion to determine whether the Select data exists in the 
Second database; and 

in response to determining that the Select data exists in the 
Second database, retrieving the Select data from the 
Second database, Sending the Select data to the first 
node, and writing the Select data to the first database. 

2. The method of claim 1, further comprising: 
maintaining the access information at each of a plurality 

of nodes in the computer network of the primary and 
Secondary access locations for different types of data. 

3. A computer program embodied in a tangible medium 
and capable of being executed by a computer for performing 
the method of claim 1. 

4. A method of retrieving data requested at a first node in 
a computer network, wherein the first node has a first 
database and wherein the first node is coupled to a Second 
node having a Second database, the method comprising the 
Steps of; 

maintaining access information indicating that a primary 
access location for Select data is the first database and 
that a Secondary access location for the Select data is the 
Second database; 

receiving a request for the Select data at the first node, the 
request generated by an application executing on the 
first node, 

obtaining the access information for the Select data pri 
mary access location; 

initially querying the Select data primary access location 
to determine whether the select data exists in the first 
database; 

in response to determining that the Select data exists in the 
first database, determining at the first node whether the 
Select data in the first database is current; 

in response to determining that the Select data exists in the 
first database and is current, retrieving the Select data 
from the first database; 

in response to determining that the Select data does not 
exist in the first database or in response to determining 
that the Select data is not current in the first database, 
Sending a request from the first node to the Second node 
for the Select data; 

obtaining the access information for the Select data Sec 
ondary access location; 
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in response to the request from the first node, Subse 
quently querying the Select data Secondary access loca 
tion to determine whether the Select data exists in the 
Second database; and 

in response to determining that the Select data exists in the 
Second database, retrieving the Select data from the 
Second database, Sending the Select data to the first 
node, and writing the Select data to the first database. 

5. The method of claim 4, further comprising: 
maintaining the access information at each of a plurality 

of nodes in the computer network of the primary and 
Secondary access locations for different types of data. 

6. A computer network comprising: 
a first node having a first database, a Second node having 

a Second database, and middleware means including a 
first object locator for enabling the querying of the first 
database and the Second database, the object locator 
adapted to maintain access information indicating that 
a primary access location for the Select data is the first 
database and that a Secondary access location for the 
Select data is the Second database, the middleware 
means adapted to receive a request for the Select data 
from an application executing on the first node, adapted 
to obtain the acceSS information for the Select data 
primary access location and to initially query the Select 
data primary access location to determine whether the 
Select data exists in the first database in response to 
receiving the request, and adapted to read the Select 
data from the first database in response to determining 
that the Select data exists in the first database; and 

the middleware means further adapted to obtain the acceSS 
information for the Select data Secondary access loca 
tion and to Subsequently query the Select data Second 
ary access location to determine whether the Select data 
exists in the Second database in response to determining 
that the Select data does not exist in the first database, 
and adapted to Send the requested data to the first 
database in response to determining that the requested 
data exists in the Second database. 

7. The computer network of claim 6, wherein the middle 
ware means further includes a Second object locator adapted 
to maintain Second node access information indicating the 
primary and Secondary access locations for data which may 
be needed by the second node. 

8. The computer network of claim 6, wherein the first 
object locator is adapted to maintain other access informa 
tion indicating the primary and Secondary acceSS locations 
for other data which may be needed by the first node. 

9. A computer network comprising: 
a first node having a first database, a Second node having 

a Second database, and middleware means including a 
first object locator for enabling the querying of the first 
database and the Second database, the object locator 
adapted to maintain access information indicating that 
a primary access location for the Select data is the first 
database and that a Secondary access location is the 
Second database, the middleware means adapted to 
receive a request for the Select data from an application 
executing on the first node, adapted to obtain the acceSS 
information for the Select data primary access location 
and to initially query the Select data primary access 
location to determine whether the Select data exists and 
is current in the first database in response to receiving 
the request, and adapted to read the Select data from the 
first database in response to determining that the Select 
data exists in the first database and is current in the first 

15 

25 

35 

40 

45 

50 

55 

60 

65 

12 
database; and p1 the middleware means further adapted 
to obtain the acceSS information for the Select data 
Secondary access location and to Subsequently query 
the Select data Secondary access location to determine 
whether the Select data exists in the Second database in 
response to determining that the Select data does not 
exist or is not current in the first database, and adapted 
to Send the Selected data to the first database in response 
to determining that the requested data exists and is 
current in the Second database. 

10. The computer network of claim 9, wherein the middle 
ware means further includes a Second object locator adapted 
to maintain Second node access information indicating the 
primary and Secondary access locations for data which may 
be needed by the second node. 

11. The computer network of claim 9, wherein the first 
object locator is adapted to maintain other access informa 
tion indicating the primary and Secondary acceSS locations 
for other data which may be needed by the first node. 

12. A method of retrieving data in a computer network, the 
method comprising: 

maintaining access information at each of a plurality of 
nodes in the computer network indicating a primary 
access location and a Secondary access location for 
Select data; 

receiving a request for the Select data at one of the 
plurality of nodes, the request generated by an appli 
cation executing on Said node, 

obtaining the access information for the Select data pri 
mary access location; 

initially determining whether the Select data exists at the 
primary access location; 

in response to the Select data existing at the primary 
access location, retrieving the Select data from the 
primary access location and providing the Select data to 
the application executing on Said node, 

in response to the Select data not existing at the primary 
access location, obtaining the access information for 
the Select data Secondary access location and Subse 
quently determining whether the requested data exists 
at the Secondary access location; and 

in response to determining that the requested data exists 
at the Secondary acceSS location, retrieving the Select 
data from the Secondary access location, providing the 
Select data to the application executing on Said node, 
and writing the Select data to the primary access 
location. 

13. The method of claim 12, wherein the primary access 
location is Said one node. 

14. The method of claim 12, wherein different ones of the 
plurality of nodes maintain different access information 
indicating different primary and Secondary access locations 
for the Select data. 

15. A computer program embodied in a tangible medium 
and capable of being executed by a computer for performing 
the method of claim 12. 

16. A computer network, comprising; 
database means for Storing data required by an applica 

tion; 
middleware means for enabling the querying of Said 

database means, 
Said middleware means including object locator means for 

maintaining access information identifying a primary 
access location and a Secondary access location for Said 
data on Said database means, 
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wherein Said middleware means is responsive to an appli- that Said Select data does exist at Said Select data 
cation request for Select data for obtaining Said acceSS Secondary access location. 
information to identify a Select data primary acceSS 17. A computer network according to claim 16, wherein 
location and a Select data Secondary access location for Said middleware means further includes just-in-time means 
Said Select data, for initially querying Said Select data 5 for initiating Said Subsequent query of Said Select data 
primary access location for Said Select data, for Subse- Secondary access location. 
quently querying Said Select data Secondary acceSS 18. A computer network according to claim 16, further 
location for Said Select data when said initial query including object configuration means for Specifying Said 
indicates that Said Select data does not exist at Said Select data primary access location and Said Select data 
Select data primary access location, and for causing Said 10 Secondary access location. 
Select data to be replicated at Said Select data primary 
access location when Said Subsequent query indicates k . . . . 
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